Entrez-PubMed 



http://www.ncbi.nlm.nih.gov/entre2/query.. .h&db=pubmed&tenTi=Doyle+-RJ[au]&^ 



Publ|(^ed 



National I 
Library I 
of Medicine I 



PubMed Nucleotide Protein Genome Structure 


PopSet 


Taxonomy 


OMIM Books 


Search PubMed 


Flfor Doyle RJ[au] 




II Go 1 Clear 




Limits Preview/Index History 


Clipboard 


Details 




0 












Display Summary [▼] Sort 


Save Text 


Clip Add 


Order 




Show: 50 Fl Items 1-50 of 162 


Page 1 of 4 Select page: mm 



Entrez 
PubMed 



Ql: Koleanova TV. Ermolaev AV. Doyle RJr 



Related Articles, Links 



Effects of asparaginase and polyphenol oxidase on adhesive characteristics of 
microorganisms. 

Bull Exp Biol Med. 2002 Jan;133(l):58-61. 
PMID: 12170308 [PubMed - in process] 



PubMed 
Services 



Related 
Resources 



□ 2: Sethman CR, Doyle RJ, Cowan MM. Related Articles, Links 

Flow cytometric evaluation of adhesion of Streptococcus pyogenes to epithelial 
cells. 

J Microbiol Methods. 2002 Sep;51(l):35-42. 
PMID: 12069888 [PubMed - indexed for MEDLINE] 

□ 3: Calamita HG, Doyle RJ. Related Articles, Links 

Regulation of autolysins in teichuronic acid-containing Bacillus subtilis cells, 

Mol Microbiol. 2002 May;44(3):601-6. 

PMID: 1 1994144 [PubMed - indexed for MEDLINE] 



Related Articles, Links 



□ 4: Dovle RJ. Kan T. 

Interaction between concanavalin A and heparin. 
FEBS Lett. 1972 Jan 15;20(l):22-24. No abstract available. 
PMID: 1 1946372 [PubMed - as supplied by publisher] 



□ 5; Thongboonkerd V. Luengpailin J, Cao J. Pierce WM. Cai J, Klein JB, Related Articles, Links 
' Dovle RJ. 

Fluoride exposure attenuates expression of Streptococcus pyogenes virulence 
factors. 

J Biol Chem. 2002 May 10;277(19): 16599-605. 
PMID: 1 1867637 [PubMed - indexed for MEDLINE] 

1^6: Thuan BP. Calderon de la Barca AM. Buck G. Galsworthy SB, Dovle RJ. Related Articles, Links 

Interactions between listen ae and lectins. 

Roum Arch Microbiol Immunol. 2000 Jan-Jun;59(l-2):55-61. 

PMID: 1 1845476 [PubMed - indexed for MEDLINE] 



□ 7: Cao J. Dovle RJ. 

Fluoride modifies adhesion of Streptococcus pyogenes. 
FEMS Immunol Med Microbiol 2002 Jan 14;32(2):175-7. 
PMID: 1 1821240 [PubMed - indexed for MEDLINE] 

□ 8: Stavri H. Beveridge TJ, Movies D. Athamna A. Dovle RJ. 



Related Articles. Links 



Related Articles, Links 



1 of 6 



11/12/02 7:12 PM 



Entrez-PubMed 



http://vww.ncbi.nlm.nih.gov/entrez/quei7...h&db=pubmed&ternT=Doyle+RJ[ 



Hemagglutinin of unusual specificity from Helcococcus kunzii. 

Arch Microbiol. 2002 Feb; 177(2): 197-9. 

PMID: 11807570 [PubMed - indexed for MEDLINE] 

□ 9: Calamita HG. Ehrineer WD. Koch AL. Dovle RJ. Related Articles, Links 

Evidence that the cell wall of Bacillus subtilis is protonated during respiration. 
Proc Natl Acad Sci USA. 2001 Dec 18;98(26): 15260-3. 
PMID: 1 1752466 [PubMed - indexed for MEDLINE] 

□ 10: Noor AK. Dovle RJ. Venneri SL. Related Articles, Links 

Bringing life to space exploration. 

Aerosp Am. 1999 Nov;37(l l):28-33. No abstract available. 

PMID: 1 1542653 [PubMed - indexed for MEDLINE] 

□ 1 1 : Dovle RJ. Related Articles, Links 

Stains in microbiology and molecular biology. 
Biotech Histochem. 2001 May;76(3):109. No abstract available. 
PMID: 1 1475312 [PubMed - indexed for MEDLINE] 

□ 11: Luengpailin S. Luengpailin J. Dovle RJ. Related Articles, Links 

Detection of streptococcal glucan-binding proteins in biofilms. 
Methods Enzymol. 2001;337:434-9. No abstract available. 
PMID: 11398450 [PubMed - indexed for MEDLINE] 

□ 13: Goh CT. Taweechaisupapong S. Taylor KG. Dovle RJ. Related Articles, Links 

Polycarboxylates inhibit the glucan-binding lectin of Streptococcus sobrinus. 
Biochim Biophys Acta. 2000 Sep 1;1523(1):1 1 1-6. 
PMID; 1 1099864 [PubMed - indexed for MEDLINE] 

□ 14: Cowan MM. Horst EA. Luengpailin S. Dovle RJ. Related Articles, Links 

hihibitory effects of plant polyphenoloxidase on colonization factors of 

Streptococcus sobrinus 6715. 

Antimicrob Agents Chemother. 2000 Sep;44(9):2578-80. 

PMID: 10952624 [PubMed - indexed for MEDLINE] 

□ 1 f>: Taweechaisupapong S. Dovle RJ. Related Articles. Links 

Sensitivity of bacterial coaggregation to chelating agents. 
FEMS Immunol Med Microbiol. 2000 Aug;28(4):343-6. 
PMID: 10891659 [PubMed - indexed for MEDLINE] 

□ 16: Dovle RJ. Related Articles, Links 

Contribution of the hydrophobic effect to microbial infection. 
Microbes Infect. 2000 Apr;2(4):39 1-400. Review. 
PMID: 10817641 [PubMed - indexed for MEDLINE] 

□ 1 7: Luengpailin S. Banas JA. Dovle RJ. Related Articles, Links 

Modulation of glucan-binding protein activity in streptococci by fluoride. 
Biochim Biophys Acta. 2000 May l;1474(3):346-52. 
PMID: 10779686 [PubMed - indexed for MEDLINE] 

□ 18: Luengpailin J. Dovle RJ. Related Articles, Links 

Glycine prevents the phenotypic expression of streptococcal glucan-binding lectin. 



2 of 6 



11/12/02 7:12 PM 



http://www.ncbi.nlm.nih.gov/entrez/query...h&db=pubmed&terTTi=DoylefW 



Biochim Biophys Acta. 2000 Apr 6;1474(2):212-8. 
PMID: 10742601 [PubMed - indexed for MEDLINE] 

□ 19: Reves GF. Corbett D. Benz FW. Do vie RJ. Related Articles, Links 

Acrylonitrile induces autolysis Bacillus subtilis. 
FEMS Microbiol Lett. 2000 Jan 15;182(2):255-8. 
PMID: 10620675 [PubMed - indexed for MEDLINE] 

□ 20: Srisatialuk R. Dovle RJ. Justus DE. Related Articles, Links 

Outer membrane vesicles of Porphyromonas gingivalis inhibit IFN-gamma-mediated 

MHC class n expression by human vascular endothelial cells. 

Microb Pathog. 1999 Aug;27(2):81-91. 

PMID: 10458919 [PubMed - indexed for MEDLINE] 

□ 21 : Ciopraea J. Gozia 0. Tudor R. Brezuica L. Dovle RJ. Related Articles, Links 

Fusarium sp. growth inhibition by wheat germ agglutinin. 
Biochim Biophys Acta. 1999 Aug 5;1428(2-3):424-32. 
PMID: 10434062 [PubMed - indexed for MEDLINE] 

□ 22: Cox SD. Lassiter MO. Miller BS. Dovle RJ. Related Articles, Links 

A new mechanism of action of fluoride on streptococci. 
Biochim Biophys Acta. 1999 Aug 5;1428(2-3):415-23. 
PMID: 10434061 [PubMed - indexed for MEDLINE] 

□ 23: Koch AL. Dovle RJ. Related Articles, Links 

Attachment of the chromosome to the cell poles: the strategy for the growth of 

bacteria in two and three dimensions. 

J Theor Biol. 1999 Jul 21;199(2):213-21. 

PMID: 10395815 [PubMed - indexed for MEDLINE] 

□ 24: Zhou L. Srisatialuk R. Justus DE. Dovle RJ. Related Articles, Links 

On the origin of membrane vesicles in gram-negative bacteria. 
FEMS Microbiol Lett. 1998 Jun 15;163(2):223-8. 
PMID: 9673026 [PubMed - indexed for MEDLINE] 

□ 25: Denson AM. Dovle RJ. Related Articles, Links 

Stabilization of the glucan-binding lectin of Streptococcus sobrinus by specific 
ligand. 

Arch Oral Biol. 1998 Jan;43(l):33-8. 

PMID: 9569988 [PubMed - indexed for MEDLINE] 

□ 26: Lee W. De La Barca AM. Drake D. Dovle RJ. Related Articles, Links 

Lectin-oral streptococci interactions. 

J Med Microbiol. 1998 Jan;47(l):29-37. 

PMID: 9449947 [PubMed - indexed for MEDLINE] 

□ 27: Sokurenko EV. Chesnokova V. Dovle RJ. Hasty DL. Related Articles, Links 

Diversity of the Escherichia coli type 1 fimbrial lectin. Differential binding to 
mannosides and uroepithelial cells. 
JBiolChem. 1997 Jul 1 1;272(28): 17880-6. 
PMID: 921 1945 [PubMed - indexed for MEDLINE] 



11/1 2/02 7: 12 PM 



Entrez-PubMed 



http://www.ncbi.nlninih.gov/entrez/query...h&dbF=pubmed&terni=Doyle+RJ[au]&^ 



□ 28: Popescu A. Dovle RL Related Articles, Links 

The Gram stain after more than a century. 
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PMID: 7938500 [PubMed - indexed for MEDLINE] 
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PMID: 1610890 [PubMed - indexed for MEDLINE] 
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linkages. When citrate or lactate was included in the growth medium, expression of the activities of the 
GBLs of Streptococcus cricetus and S. sobrinus was prevented. Furthermore, chelating agents, including 
citrate lactate EDTA, and acetylacetone, were able to reversibly inhibit glucan-induced aggregation of 
GBL+' streptococci. In addition, the chelating agents prevented sucrose-dependent streptococcal adhesion to 
glass surfaces and dispersed preformed adherent masses of the streptococci. Neither citrate nor other 
chelating agents modified the activities of glucosyltransferases. Expression of the lectin could only be 
achieved by the addition of manganous ion to the growth medium. Chloramphenicol and other metabolic 
inhibitors prevented synthesis of GBL in cells obtained from manganese- deficient medium and shifted to 
manganous ion-sufficient medium. The GBL may be a manganoprotein, the manganese of which may be 
perturbed, but not removed, by chelating agents. During synthesis of the GBL, manganous ion may be 
required in order for the protein to achieve an active conformation. Citrate or other chelating agents may 
have promise as anticaries agents. 
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ABSTRACT 



Exogenously added polyphenoloxidase (EC 1.14.18.1), an enzyme which oxidizes tyrosine 
residues and is commonly found in many dietary components, abolished the aggregation of 
Streptococcus sobrinus 6715 by high-molecular-weight dextran. The enzyme decreased 
glucan-binding lectin and/or glucosyltransferase I activities. 
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hi the past three decades, rapid progress has been made in the understanding of microbial 
adhesion (8). A wealth of research has established that Streptococcus sobrinus must attach 
to glucans deposited on the tooth surface for successful colonization of the oral cavity (4, 6, 
17). For this purpose it uses a glucan-binding lectin (GBL) and a family of glucosyltransferases (GTFs). 
GTFs are composed of a C-terminal glucan-binding domain supplemented by an N-terminal catalytic 
peptide (7). Both GBL and GTFs have been shown to possess critical tyrosines in their glucan-binding sites 
(15). hi this study we investigated the effect on adhesion of bacterial pretreatment with polyphenoloxidase 
(PPO) (EC 1.14.18.1). PPO is an enzyme found in many plant species, including most noncitrus European 
fruits and many vegetables (18). It possesses two activities, oxidizing a variety of phenolic substrates, 
including tyrosine, to L-dihydroxyphenylalanine and then to quinones. This action results in browning 
when it occurs in fhiits, such as apples and bananas. Plants and invertebrates may use the PPO system, with 
its resultant tannin production, as a defense against invasion by predators, such as fungi and insects (H, 
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12). 

S. sobrinus 6715 was maintained and grown either on tryptic soy agar or in the defined medium of 
Terleckyj et al. (16). The standard rate assay of Drake et al (3) was used to study the interaction of 
S. sobrinus 671 5 GBL with high-molecular-weight dextran. Briefly, bacterial suspensions were mixed with 
dextran T-2000 (10 ^g/ml), and the decrease in optical density was continuously monitored 
spectrophotometrically for 5 min. Absorption at 540 nm was used to calculate ln(A/Ao) (A, observed 
optical density; A^, optical density at time zero), which was plotted versus time in minutes. Each sample 
was assayed in triplicate. For enzyme treatments, cells were incubated with PPO (from mushrooms; 
Worthington Biochemical Corporation, Freehold, N.J.) (180 to 1,260 U/ml) for 1 h at 37°C. 

Figure i depicts the decrease in absorption for control and PPO-treated (464 U/ml) S. sobrinus 6715 after 
mixing with glucan (T-2000). Bacteria in this experiment were grown in complex medium. Cells grown in 
defined medium required sevenfold-lower concentrations of PPO for inhibition (data not shown). PPO 
pretreatment reduced aggregate formation to approximately the level seen when a competitive binding 
inhibitor, low-molecular-weight glucan (dextran T-10), was included in the reaction (Fig. i). When dextran 
T-10 was added to cells before enzyme treatment, the action of PPO was blocked. Addition of glycogen 
prior to PPO treatment had no effect on PPO's activity. 
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FIG. 1. hihibition of aggregation of 5. 5oM«M5 by 
high-molecular-weight dextran after treatment with PPO, 
j High-molecular-weight dextran (dextran T-2000) was added as a last 
step in all tubes, control {S. sobrinus); x, low-molecular-weight 
dextran (T-10) plus S. sobrinus; S. sobrinus pretreated with PPO; a, 
' dextran T-10 added to S. sobrinus before PPO treatment; glycogen 
added to 5. sobrinus before PPO treatment. Experiments were 
performed in triplicate. 



The following known PPO inhibitors prevented the enzyme fi-om abolishing aggregation of 5. sobrinus by 
glucan: EDTA (5 mM), 100% decrease in PPO activity; potassium chloride (200 mM), 100% decrease; 
polyvinylpyrrolidone (500 ^g/ml), 100% decrease; ascorbic acid (3 mM), 100% decrease; and lactic acid 
(10% [wt/vol]), 91% decrease. Protease inhibitors, phenylmethylsulfonyl fluoride (500 ^M) and leupeptin 
(500 Hg/ml), were also tested to ensure that the activity was not due to possible contaminating proteases in 
the enzyme batches. Neither decreased the action of PPO. hicubation of inhibitors with S. sobrinus had no 
effect on control glucan-dependent aggregation. All inhibitors were fi-om Sigma. 

PPO was mixed (by gentle vortexing) with S. sobrinus-g\ncm complexes after 30 min of control 
aggregation (Fig. 2). Reformation of aggregates was significantly retarded with respect to the control 
bacteria. After another 30 min the complexes were vortexed again (to disrupt aggregates) with no further 
addition of PPO, PPO-containing tubes continued to show slower and less complete aggregation, 
suggesting either that PPO enzymatically altered the binding site or that it bound with a higher affinity than 
dextran. 
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FIG. 2. Prevention of reaggregation of S. sobrinus by addition of 
PPO. control, S. sobrinus plus glucan T-2000; 4, S. sobrinus plus 
glucan T-2000 plus PPO. Arrow 1 shows when PPO was added with 
vortexing, and arrow 2 shows when the complexes were vortexed 
with no further addition of PPO. Experiments were performed in 
triplicate. 



Growth vessel pellicle formation, mediated by the combined activity of GTFs and GBL (17), was 
investigated. Bacteria were inoculated into 5-ml tubes of tryptic soy broth with and without sucrose 
(200 mM) and/or PPO (1.0 mg/ml). After 18 h of growth, tubes were emptied, stained with crystal violet, 
and visually examined. Only PPO-containing cultures produced no pellicles in the presence of sucrose (data 
not shown). 

The ability of PPO to reduce the activity of partially purified GTFs was assayed as follows. PPO-treated 
(50 U/ml) and untreated crude GTFs obtained through ammonium sulfate precipitation of 5. sobrinus 
culture supernatant were subjected to nondenaturing electrophoresis in polyacrylamide. The presence of 
glucan-binding bands was demonstrated by incubating duplicate gels in fluorescein 
isothiocyanate-conjugated glucan T-10 (2 mg/ml). GTF activity was assayed by incubating gels in sucrose 
followed by development with Schiff s reagent. Of four discrete bands which bound glucan, two (molecular 
weight, 145,000 and 135,000) demonstrated GTF activity. The higher-molecular-weight band, 
corresponding to the reported size (15) of GTF-I (an isoenzyme producing insoluble glucan), lost activity 
after incubation with PPO. Glucan-binding activity has been shown to reside both on glucan-bmdmg 
proteins (with no catalytic activity) and on the C-terminal end of GTFs (5, 7, 15). Further study is needed to 
determine which of the family of glucan-binding proteins is affected by PPO. A combination of GBL and 
GTF-I inhibition could have a potentially powerftil effect on oral ecology. 

Disk difftision (100 U of PPO) and broth dilution assays (in tryptic soy broth) of PPO (highest PPO 
concentration = 464 U/ml) showed that PPO did not prevent growth of S. sobrinus (data not shown). 

PPO is a copper-requiring metalloenzyme. Therefore, metal-chelating agents have been found to be 
inhibitory to its activity (19). The PPO inhibition by EDTA, ascorbic acid, and lactic acid seen in this study 
supports this finding and suggests that naturally occurring chelators, such as lactic acid manufactured by 
oral streptococci, could have similar effects in vivo and could conceivably be an adaptive response by the 
bacteria to the constant presence of dietary PPO originating in fruits and vegetables. Various studies report 
that persons consuming large quantities of fioiits and vegetables do indeed have lower caries rates (10). It is 
plausible, based on the present results, that PPO may play some role as an anticaries agent. 

There are many examples of the importance of tyrosine in carbohydrate-binding sites of microbial proteins 
(1, 2, 9, 11, 14, 20, 21). If tyrosine is indeed a "consensus" residue necessary for the specific binding of 
multiple microbial pathogens to host tissues, alteration of tyrosine could represent a broad-spectrum 
approach to the prevention and interrupUon of microbial attachment and biofilm formation. 



3 of 5 



11/12/02 7:12 PM 



AAC -- Cowan et al. 44 (9): 2578 



http://aac.asiuorg/cgi/content/full/44/9...%3A%2F%2Fjoiimals.asniorg%2Fcgi%2F 



ACKNOWLEDGMENTS' 



This project was supported by funding from Genencor International and NIDCR to R.J.D. and M.M.C. and 
by the Miami University Office for the Advancement of Science and Teaching (M.M.C). 



FOOTNOTES 



* Corresponding author. MaiUng address: Department of Microbiology, Miami University, Oxford, OH 
45056. Phone: (513) 727-3231. Fax: (513) 727-3367. E-mail: fnwanmm@muohio.edu. 



► 1 REFERENCES 



A Top 

A Abstract 

^ Text 

. References 



1 Cornelissen, C. N., J. E. Anderson, and P. F. Sparling. 1997. Characterization of the diversity and 
the transferrin-binding domain of gonococcal transferrin-binding protem 2. Infect. Immun. 
65:822-8281Abstractl. 

2. Doyle, R. J., and O. A. Roholt. 1967. Tyrosyl involvement in the concanavalm A-polysacchande 
precipitinreaction. Life Sci. 7:841-846. 

3 Drake-D Taylor, ArS. Bleiweis, and R. J. Doyle. 198_8, Specificity of the glucan-binding 
Iwtin of Streptococcus cricetus. tofect. Immun. 56:1 864-1 872[Medlinel. 

4 ribbons R J and R. J. Fitzgerald. 1969. Dextran-induced agglutination of Streptococcus mutans 
SdTpotfnti'l ^ole fn the fonSation of microbial dental plaques. J. Bacteriol. 98:341-346IMedhnel. 

5. Jespersgaard, C, G. Hajishengallis, T. E. Greenway, D. J. Smith, M W. Russell, and S. M. 
Michalek. 1999. Functional and immunogenic characterization of two cloned regions ot 
Streptococcus mutans glucosyltransferase I. hifect. Immun. 67=810-816[ AhstractyFull Text] . 

6 Koea T H Asakawa, N. Okaliashi, and S. Hamada. 1986. Sucrose-dependent cell adherence and 
SenkS of se-^e c Streptococcus ntutarts. J. Gen. Microbiol. 132:2873-2883^!ed!inel. 

7 Mooser G , and C. Wong. 1988. Isolation of a glucan-binding domam of glucosyltransferase 
(1 ,6-«-gl'ucan synthase) from Streptococcus sobrinus. Infect. Immun. 56:880-884tMedlmel. 

8. Ofek, I., and R. J. Doyle. 1994. Bacterial adhesion to cells and tissues. Chapman and Hall, New 
York,'N.Y. 

9. Quiocho, F. A. 1 986. Carbohydrate-binding proteins: tertiary structures and protein-sugar 
interactions. Annu. Rev. Biochem. 55:287-3 ISIMedlinel. 

10 Rahmatulla, M., and E. E. Guile. 1990. Relationship between dental caries and vegetanan and 
' non-vegetarian diets. Community Dent. Oral Epidemiol. 18:277-278IMedlinel. 

1 1 Ratcliffe, N. A. 1985. hivertebrate immunity for the non-specialist. Immunol. Lett. 
10:253-270IMed!inel- 

12 Scalbert, A. 1991. Antimicrobial properties of tannins. Phytochemistry 30:3875-3883[CrossRetl. 

13. Schembri, M. A., L. Pallesen, H. Connell, D. L. Hasty, and P. ^^^^•J^^^-^'^'^^'^^^TL^.. 

i,.„;„ „f +u« c:-,u „ju„o;« — 1 — • ' 



4 of 5 



11/12/02 7:12 PM 



AAC - Cowan et al. 44 (9): 2578 



http://aac.asnxorg/cgi/content/full/44/9...%3A%2F%2Fjoumals.asniorg%2Fcgi%2Fs^^^ 




Micrnhjnl T -tt i^7.9<;7-7^'^[rrnssRefirMedlinel 

14 <ynph J S ICG Taylor, and R. J. Doyle. a=993?^E%semM^^ 
S depi^a^^^^^^^^ of ...e;. Jo.c«^ Carbohydr. Res. 244:1 37- 147[M^ 

15 Smith, D. J., W. F. King, C. D. Wu, B. L Shen, and M. A. Taubman. 1998. Structural and 
" antigenic characteristics of Streptococcus sobrinus glucan binding proteins. Infect. Immun. 

^i;.s^f^S-SSfiQ [Ahstract/Full Textl 

16 Terleckyj B N R WiUett, and G. D. Shockman. 1975. Growth of several canogemc strains of oral 
' streptococci in a chemically defined medium. Infect. Immun. 11:649-65 5 [Medline] . 

17 Vacca-Smith, A. M., A. R. Venkitaraman, R. G. Quivey, Jr., and W. H Bowen. 1996. 
Interactions of streptococcal glucosyltransferases with a-amylase and starch on the surtace ot 
saliva-coated hydroxyapatite. Arch. Oral Biol. 41:291-298[Medlinel. 

18. Vamos-Vigyazo, L. 1981. Polyphenol oxidase and peroxidase in fruits and vegetables. Cnt. Rev. 
Food Sci. Nutr. i;>:49-l27 rMedline1 . 

19 Walker J R. L. 1975. Enzymic browning in food. Enzyme Technol. Dig. 4:89. 

20 Weis, W., J. H. Brown, S. Cusak, J. C. Paulson, J. J. Skehel, and D. C. Wiley. 1988. Structure of 
the influenza virus haemagglutinin complexed with its receptor, sialic acid. Nature 
333:426-431[Medlinel. 

21 Wright, C. S. 1984. Structural comparison of the two distinct sugar binding sites m wheat germ 
' agglutination isolectin H. J. Mol. Biol 178:9 l-l04[Medline1. 



Antimicrobial Agents and Chemotherapy, September 2000, p. 2578-2580, Vol. 44, No. 9 
0066-4804/00/504.00+0 

Co pyright ©2000. American Socie ty for Microbiology. All rights reserved. 



► Abstract of this Article 

V Reprint (PDFt Version of this Article 

► Similar articles found in: 
AAC Online 
PubMed 

► PuhMed Citation 

► Search Medline for articles by: 

Cowan. M. M. il Dovle. R. J. 

► Alert me when: 

new articles cite this article 

► Download to Citation Manager 

► Rooks from ASM Press 




5 of 5 



11/12/02 7:12 PM 



